Orbital angular momentum (OAM) modes in fibres are modes that potentially can be used for mode-division multiplexing systems. OAM modes possess a helical phase front which can be written as exp(iL ), with L being the topological charge and being the azimuthal coordinate. Here, we present a chip capable of multiplexing waveguide modes to OAM modes in a fibre in the C-band.
Image of the chip, with a length around 11.7 mm. (b)-(d): IR images of the fibre output for OAM modes L = 5, 6 and 7. (e) Measured output power of the fibre. The spectral shape stems mainly from the bandwidth of the grating couplers. (f) Power of the mode with provides the largest crosstalk component measured using the S² method in relation to the desired mode. In most cases, the largest crosstalk came from the neighbouring OAM modes (| L| = 1). Figure 1 (a) shows the designed chip which is fabricated on a silicon-on-insulator platform. It consists of 15 input grating couplers for a possible multiplexing to OAM modes with L ranging from -7 to +7. A star coupler is utilized to split the incoming signal and create the needed phase differences of multiples of to each of the 26 output ports, which are connected to a ring of 26 grating couplers all oriented the same direction and are used to output the signal to a fibre. The waveguides between the star coupler and the output grating couplers are matched in length to preserve the phase differences over a large bandwidth. A heating element is put above each waveguide to fine-tune the phases, if required.
To couple from the chip to the OAM fibre, the on-chip coupler ring is imaged onto the fibre facet at an appropriate scaling ration using two lenses. Furthermore, a quarter-wave plate is inserted into the beam path to convert the linear polarization of light emitted by the chip to the circular polarization of the OAM modes inside the fibre. For the characterization of the chip, a short, ~2 m long OAM fibre was used. The fibre consists of a step-index core with an air-hole in the middle and is designed to support OAM modes with L = +/-5, 6 and 7 [1] . At the output of the fibre, the beam is collimated and imaged with an infrared (IR) camera (see Figs. 1(b)-(d) ). The output beam can be sent to a spatial light modulator (SLM) after converting it to linear polarization with a quarter-wave plate to analyse the mode content of the beam. To set the on-chip heaters, the wanted mode is transformed to a Gaussian-like field with L = 0 by the SLM by putting on the inverse OAM phase pattern. In a feedback loop, the heater voltages are optimized to maximise the power in the targeted mode. In this experiment, the system and heaters were optimized for L = 7 at 1560 nm.
To analyse the mode content in the fibre, the spatial and spectral (S²) imaging method like in [2] is used, by imaging the output while sweeping the wavelength of the input laser. The power of the largest crosstalk component is shown in Fig. 1(f) . The mode which provides the largest crosstalk is typically around 10-15 dB below the desired mode. For L=5 at 1560nm, the total power loss of the whole system is ~36 dB, of which ~16-17 dB comes from the chip. The coupling to OAM modes with L = 5, 6 and 7 is successfully demonstrated within the C-band. The modes with L = -5, -6 and -7 were not used in this experiment due to minor fabrication errors, but should be possible to use in future improved versions of this device.
